Introduction 25
The use of probiotics for disease prevention and improved nutrition in aquaculture is 26 becoming increasingly popular, since the chemotherapeutic agents traditionally used 27 may introduce potential hazards to public health and to the environment because of the 28 evolution of antimicrobial resistance not only in bacteria, but also in fungi, viruses, and 29 parasites (McKeegan et al., 2002) . 30
Probiotics are defined as "live microorganisms, which when administered in adequate 31 amounts confer a health benefit to the host (FAO/WHO, 2001). They are usually 32 members of the healthy indigenous microbiota and their addition can assist in returning 33 a disturbed microbiota to its normal beneficial composition. The beneficial effects of 34 probiotics may be mediated by competition for specific pathogen receptor sites on the 35 mucosal surface, production of inhibitory compounds, competition for nutritional 36 substrates, or by an enhancement of the host's innate and adaptive immune responses 37 (Verschuere et al., 2000; Balcázar et al., 2006) . 38
When selecting a potential probiotic strain for beneficial health effects on the host, 39 many criteria must be considered. In order to colonize the gastrointestinal tract, 40 potential probiotics should express high tolerance to acid and bile and have the ability to 41 adhere to host tissue. Colonization of specific microbiota in the gastrointestinal tract 42 may provide protection by competition for host extracellular matrix-binding sites, 43 thereby blocking adhesion and spread of the pathogens; stimulation of host-cell immune 44 defences; or triggering cell-signalling events that deactivate the production of virulence 45 factors and the subsequent onset of sepsis (Reid et al., 2001) . 46 We have earlier shown that fish that were not exhibiting signs of disease during a 47 furunculosis outbreak had a high number of lactic acid bacteria (LAB), especially 48
Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris, Lactobacillus 49
A c c e p t e d M a n u s c r i p t
The present study therefore was designed to investigate the ability of selected LAB 51 strains to adhere to two different fish mucus preparations and their activity against 52 several fish pathogens, with the aim of providing a basis for the selection of probiotic 53 strains. 54
Materials and Methods 55

Bacterial strains and growth conditions 56
The fish pathogens Aeromonas salmonicida subsp. salmonicida CLFP 501, 57
Carnobacterium piscicola CLFP 601, Lactococcus garvieae CLFP LG1 and 58
Vagococcus salmoninarum CLFP 602 were isolated from rainbow trout (Oncorhynchus 59 mykiss) by our laboratory, during natural outbreaks. The wells were washed twice with 250 µl of PBS to remove unbound mucus. A 102 suspension of 100 µl radioactively labelled bacteria (see above) was added to each well. 103
After incubation for 1 h at 22 °C, the wells were washed twice with 250 µl PBS to 104 remove unbound bacteria. Bound bacteria were released and lysed by incubation at 60 105 °C for 1 h with 1% sodium dodecyl sulfate (SDS) in 0.1 M NaOH. Adhesion was 106 assessed by quantifying the amount of radioactivity by liquid scintillation and was 107 expressed as the percentage of radioactivity recovered after adhesion relative to the 108 radioactivity in the bacterial suspension added to the immobilized mucus. Adhesion of 109 the bacteria was determined in at least three independent experiments for each mucus 110 type, and each assay was performed in triplicate to correct for intra-assay variation. 111
Nonspecific adhesion of LAB and pathogenic strains 112
To determine if the observed mucus adhesion of the LAB and pathogenic strains was 113 due to nonspecific adhesion, adhesion of the strains to BSA was determined as 114 described above for mucus. Adhesion to polystyrene was determined as an indicator of 115 cell surface hydrophobicity. High hydrophobicity has been suggested to be an indicator 116 for good adhesive abilities (Wadström et al., 1987; Ouwehand et al., 2003) . 117
Competitive exclusion assay 118
Labelling and culture conditions were as described above for the in vitro adhesion 119 assay. Nonlabelled LAB strains (100 µl; 10 7 to 10 8 CFU ml were determined. It is important to point out that F. psychrophilum and R. 154 salmoninarum were incubated for 2 and 6 weeks at 15 ºC, respectively. These assays 155
were carried out in duplicate and independently repeated at least three times. 156
Statistical analysis 157
All results are shown as the average of at least three independent experiments; variation 158 is expressed as standard deviation. Student's t test, analysis of variance (ANOVA) and 159 the Duncan's multiple range tests were used to determine if strains and mucus tested 160 differed significantly (P < 0.05). The Pearson correlation coefficient was calculated to 161 determine the possible relation between the adhesion to polystyrene and to intestinal 162 mucus. All statis tics were performed using SPSS for Windows version 11.5 (SPSS, 163
Chicago, IL). 164
Results and discussion 165
The ability of bacterial strains to adhere is often considered one of the main selection 166 
Adhesion of pathogenic strains 175
All eight fish pathogenic strains tested tended to adhere in relatively low number to the 176 two different fish mucus preparations (ranging from 0.5 to 12.2 % adhesion [ Fig. 1]) . 177
However, only A. salmonicida subsp. salmonicida, C. piscicola, and Lc. garvieae 178 showed preferential binding to mucus preparations since they were found to adhere 179 significantly better to intestinal mucus than to skin mucus. This suggests that they have 
Adhesion of LAB strains 186
The LAB strains Lc. lactis subsp. lactis CLFP 100, Lc. lactis subsp. cremoris CLFP 187 102, and Lb. curvatus CLFP 150 tended to adhere in large numbers to mucus from the 188 intestine (16.2 to 19.5% adhesion [Fig 2] ), although, these strains tended to adhere 189 significantly less (P < 0.05) to skin mucus (11.3 to 5.0 % adhesion). No significant 190 difference in adhesion to the two different mucus preparations was observed for the 191 other tested LAB strains. These results confirm our earlier observations that a high 192 number of LAB were isolated from intestinal mucus of healthy salmonids during 193 furunculosis outbreaks, while the number of these bacterial species in the mucus from 194 skin was very low or, in some cases, they were absent (Balcázar et al., 2007a (Fig. 1) . 200
All LAB strains adhered significantly less to BSA in comparison to intestinal mucus. In 201 addition, the strains adhered well to polystyrene, although the results were not 202 statistically significant (Fig. 2) 
Competitive exclusion 209
The adhesion capacity of Y. ruckeri to intestinal mucus was significantly reduced (from 210 68.80 to 35.54 %, P < 0.05) after exposure of intestinal mucus to LAB strains (Table 1) . 211
The adhesion of C. piscicola was significantly reduced (P < 0. was not statistically significant (P > 0.05). In an earlier study, two strongly adhesive 221 strains of lactobacilli significantly increased in vitro adhesion of Salmonella 222 typhimurium to human intestinal mucus (Tuomola et al., 1999) . This clearly 223
demonstrates that each probiotic strain should be judged on its own merits and that 224 extrapolation from related strains is not acceptable, as suggested by previous studies 225 (Ouwehand et al., 1999a) . 
